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this issue, we used a database of patients undergoing vas-
cular surgery at Emory University Hospital. Data from all
patients undergoing elective AAR from 1986 through
1996 were analyzed to determine whether age was a sig-
nificant risk factor for in-hospital complications after AAR
and to compare the risks associated with age to those asso-
ciated with other comorbidities.
METHODS
In 1986, a database of all patients undergoing vascu-
lar surgery at Emory University Hospital was initiated.
After each patient was discharged from the hospital, the
physician assistant (S.K.) on the Vascular Surgery Service
used the hospitalization record to complete a data collec-
tion form, which was subsequently entered into a central
computer database. The surgical treatment of all patients
was directed by the attending vascular surgeon, and fel-
lows, residents, medical students, and a physician assistant
additionally cared for patients during the preoperative
evaluation, intraoperative, and postoperative periods.
Perioperative anesthetic management included general
anesthesia for all patients, an intra-arterial catheter for
continuous monitoring of systemic blood pressure, and
the use of either central venous or pulmonary artery pres-
sure monitoring according to the preoperative assessment
of the patient’s left ventricular function and extent of
Cardiovascular disease is one of the major health prob-
lems in the United States, and with the aging of the US
population, its prevalence will likely increase. Peripheral
arterial occlusive disease is a major cause of morbidity for
patients older than 65 years.1 Aneurysmal and occlusive
disease of the abdominal aorta are amenable to surgical
treatment through reconstruction with prosthetic grafts,
but the morbidity and mortality associated with abdominal
aortic reconstructive surgery (AAR) may be higher in this
older group of patients. Because older individuals are now
being considered for major vascular surgery, it is important
to understand whether increasing age is associated with a
greater surgical morbidity or mortality for AAR. To address
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Purpose: This study estimated the association between age and in-hospital postoperative complications, controlling for
known or suspected risk factors, in a series of patients undergoing elective abdominal aortic reconstructive surgery
(AAR).
Methods: This retrospective cohort study of outcome data with multivariate logistic regression analysis was conducted
at Emory University Hospital, a tertiary care, university-affiliated hospital. All patients undergoing elective AAR
between Jan 1, 1986, and Aug 1, 1996, were included (n = 856). An estimate of the odds ratio (OR) and 95% CI for
the association between patient age and in-hospital major morbidity or mortality after elective AAR was made, con-
trolling for significant risk factors.
Results: Among the 856 patients, 170 had a nonfatal complication (136 with major and 34 with minor complications),
and 11 patients (1.3%) died. The final logistic regression model demonstrated a mild association between increasing
age and rate of major postoperative complications, including death (for each increase in age of 10 years: OR, 1.23; 95%
CI, 1.00-1.52; P = .052). Other significant covariates in the final model included cardiac disease (OR, 2.84; 95% CI,
1.18-6.86; P = .020), pulmonary disease (OR, 1.96; 95% CI, 1.35-2.84; P = .0004), and renal disease (OR, 2.57; 95%
CI, 1.66-3.99; P = .0001). Increasing age was associated with a moderate increase in the rate of death (for each increase
in age of 10 years: OR, 2.74; 95% CI, 1.22-6.16; P = .015) in a model with cardiac disease as the only significant covari-
ate (OR, 14.67; 95% CI, 3.46-62.16; P = .0003).
Conclusion: For patients undergoing elective AAR, increasing patient age is associated with a small increase in risk for
in-hospital morbidity or mortality. However, significant cardiac, pulmonary, or renal disease is associated with a much
greater risk of postoperative complications, and, therefore, advanced age should not be the sole basis of exclusion for
otherwise suitable candidates for elective AAR. (J Vasc Surg 2001;33:345-52.)
coronary artery disease (CAD). The choice of anesthetic
agents and clinical management was based on the judg-
ment of the attending anesthesiologist. After surgery, all
patients were cared for in the surgical intensive care unit
until their condition was judged to be satisfactory for
transfer to the ward. Because the database consisted of
information derived from the patients’ hospital charts,
only in-hospital postoperative complications and concur-
rent medical conditions at the time of the hospitalization
for surgery were included.
For this study, an Informix-4GL program (Informix
Software, Menlo Park, Calif) was written to query the vas-
cular surgery database to obtain data on all patients under-
going aortic reconstructive surgery between Jan 1, 1986,
and Aug 1, 1996. From the results of this query, the study
population was selected to include all patients undergoing
elective AAR (patients without aortic rupture, lower
extremity rest pain, or back pain) for abdominal aortic
aneurysm or abdominal aortic occlusive disease. This
resulted in a group of 856 patients who had undergone
surgical procedures coded (Physicians’ Current Procedural
Terminology [CPT]) 35081, 35641, or 35646.
The outcome variables of interest were any major
postoperative complication or death occurring during the
hospitalization for the AAR. Nonfatal complications are
listed in Table I. Complications were classified as major
when they were life-threatening, prolonged the patient’s
stay in the intensive care unit or hospital, or resulted in an
additional surgical or interventional procedure. One of the
authors (A.J.B., R.B.S., or V.W.) reviewed the hospital
records of all patients classified in the study population as
having a complication to verify that a complication had
occurred and to permit assignment of the complication
into the major or minor category.
Potential confounders. Potential confounders to the
association of age and risk of complications were taken
from the literature. Definitions were used for classification
of factors that were evaluated as potential confounders.
The aortic graft type was taken from the surgical CPT
codes and consisted of either a tube, aortoiliac or bi-iliac,
or aortofemoral or bifemoral graft.
Concurrent surgical procedures that may have been per-
formed at the time of AAR included renal artery reconstruc-
tion, mesenteric vascular reconstruction, thrombectomy or
embolectomy, and cholecystectomy or nephrectomy.
Cardiac disease was diagnosed by means of patient
symptomatology and results of electrocardiography, non-
invasive studies such as dipyridamole-thallium scan or
dobutamine stress echocardiogram, or cardiac catheteriza-
tion. Cardiac disease was classified as none, mild (minimal
CAD with no history of angina or myocardial infarction
and receiving no treatment), moderate (a history of coro-
nary artery bypass grafting, myocardial infarction, or cur-
rently with stable angina; myocardial dysfunction with left
ventricular ejection fraction > 25% but < 40%; or moder-
ate valvular disease), or severe (left ventricular ejection
fraction ≤ 25%, severe valvular disease, or severe arrhyth-
mias). All patients with a history suggestive of cardiac dis-
ease or with abnormalities discovered by means of the
electrocardiogram were examined before surgery by a con-
sultant from the division of cardiology. On the basis of the
consultant’s assessment, noninvasive testing of left ventric-
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Table I. All complications* that occurred after elective
abdominal aortic reconstructive surgery
Complication n
Septicemia 5
Stroke 4
Vascular occlusion 5
Postoperative hemorrhage 1
Multiorgan failure 2
Wound dehiscence 5
Cardiac
Hypotension 1
Hypertension 3
Bradycardia 2
Pacemaker 1
Arrhythmia
Atrial 22
Ventricular 6
Myocardial ischemia 4
Myocardial infarction 11
Cardiac arrest 2
Congestive heart failure 6
Renal
ATN† 13
ATN requiring dialysis 2
Urethral obstruction 1
Urinary tract infection 3
Urosepsis 3
Pyelonephritis 2
Urinary retention 8
Fluid overload 6
Pulmonary
Pulmonary embolus 2
Pneumonia 18
Pleural effusion 4
Segmental collapse, mucous plug 2
Respiratory failure requiring 
mechanical ventilation 12
Atelectasis 5
Pulmonary edema 12
ARDS 5
Unexplained hypoxemia 3
Bronchitis 1
Gastrointestinal
Small bowel obstruction 3
Ileus, minor 10
Ileus, major 25
Persistent diarrhea 3
Jaundice 1
Protracted nausea and vomiting 5
Bleeding 2
Chylous ascites 2
Gastritis 2
Confusion, metabolic 11
Reexplore for bleeding 7
Other 15
*Data given are numbers of patients with each complication; the total
number of complications is greater that the total number of patients with
a complication.
†ATN producing an increase in the serum creatinine level of more than 1.0
mg/dL without requiring dialysis.
ATN, Acute tubular necrosis; ARDS, adult respiratory distress syndrome.
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ular function or coronary perfusion was performed by
means of either dipyridamole-thallium scan or dobuta-
mine stress echocardiography. Patients having positive
results on noninvasive tests generally underwent cardiac
catheterization as a means of determining the presence
and severity of CAD or valvular heart disease. On the basis
of the results of this evaluation, patients with revasculariz-
able CAD were generally treated with coronary angio-
plasty or coronary artery bypass grafting (CABG) before
AAR. Patients who had previously undergone CABG were
examined as stated when they were clinically symptomatic
or when the CABG had been performed more than 2
years before the evaluation for AAR. Patients not requir-
ing revascularization or with nonrevascularizable CAD
had their medical therapy optimized before AAR.
Pulmonary disease was classified as none, mild (history
of smoking for at least 10 years but quitting more than 15
years ago), moderate (patients who had smoked for more
than 10 years and continued to the time of AAR; moder-
ate degree of restrictive or obstructive disease based on
pulmonary function tests), or severe (requiring home oxy-
gen; or severe restrictive or obstructive disease based on
pulmonary function tests).
Renal disease was classified as none, mild (serum creati-
nine level of 1.5 to 1.9 mg/dL), moderate (serum creati-
nine level of 2.0 to 3.4 mg/dL), or severe (serum creatinine
level of 3.5 mg/dL or greater or on chronic dialysis).
Other diseases included any disease thought to be a
contributing factor to the current vascular problem or to
the patient’s general state of health, such as cancer or thy-
roid disease.
Hypertension was based on a clinical diagnosis,
including the current use of antihypertensive medications.
Diabetes mellitus was based on a clinical diagnosis
made before or during the admission for surgery. This cat-
egory included both type 1 and type 2 diabetes mellitus.
Hyperlipidemia was based on a serum cholesterol level
of more than 200 mg/dL or earlier diagnosis, including
the use of a lipid-lowering drug.
Smoking included only cigarette use at the time of
surgery.
For the covariates with ordinal levels of classification
(cardiac disease, other diseases, pulmonary disease, and
renal disease), the risk of major complications, including
death, was investigated at each severity level. For other
diseases, pulmonary disease, and renal disease, the risk of
complications was found to be greater in the moderate
and severe categories than in the none or mild categories
(Table II). Therefore, a dichotomous variable was created
with the none/mild group being the reference level. For
cardiac disease, the risk of complications was greater in
the severe category than in the none, mild, or moderate
categories (Table II), and a dichotomous variable was cre-
ated with the none/mild/moderate group being the ref-
erence level.
Analysis of data. Because the data on all patients
undergoing elective AAR were collected after the patients’
discharge from the hospital, the data were analyzed as a
cohort study to assess the association of age with postop-
erative complications. Descriptive statistics for the primary
exposure variable and covariates were calculated, and
unadjusted (crude) relative risk and odds ratios with 95%
CIs were calculated for the association of the covariates
with a major postsurgical complication. Mantel-Haenszel
summary relative risks and test-based CIs were calculated.
Pearson correlation coefficients were calculated as a means
of assessing the correlation between the covariates. None
of the covariates identified by means of the univariate
analyses to be considered as possible confounders were
found to be highly correlated, so additional analyses con-
sidered each variable to be independent. The Student t
test was used as a means of comparing the mean ages of
the patients with and without complications.
After the data were assessed and appropriate covariates
were formulated, two logistic regression models were cre-
ated with the outcome variables of death and any major
complication, including death, after AAR.2 The primary
exposure variable in each model was age-analyzed as a
continuous variable. Potential confounding variables were
considered for the models when a statistical significance of
a P value less than .10 was indicated by means of univari-
ate analysis. Possible interaction was assessed with product
terms of age and covariates.2 A backward elimination pro-
cedure was used to formulate the final logistic regression
models. The Hosmer-Lemeshow goodness-of-fit statistic
was calculated for the final logistic regression models as a
means of assessing how well the model fit the data.
All analyses were performed with SAS for Windows ver-
sion 6.1 (SAS Institute, Cary, NC). Statistical significance
was accepted as a P value less than .05 for 2-tailed tests.
RESULTS
A total of 269 postsurgical complications occurred in
181 of the 856 patients (21.1%) undergoing elective AAR
(Table I). The mean age (± SD) of patients with any com-
plication (67.6 ± 9.4 years) was not significantly different
from that of patients without a complication (66.5 ± 9.4
years; P = .14). Eleven patients (1.3%) died, and there
were 199 major, nonfatal complications in 136 patients
(15.9%; Table III). The mean age of the 11 patients who
died was greater than that of patients who survived AAR
(73.6 ± 5.7 years vs 66.6 ± 9.4 years, P = .014). The mean
age of patients sustaining a major complication, including
death, was greater than that of patients without a compli-
cation (68.2 ± 8.8 years vs 66.4 ± 9.5 years, P = .037).
Table I lists all complications occurring after AAR, and
Table II provides demographic data on all patients and
their comorbidities. Distribution of patients by means of
age and the rate of complications in each age group is con-
tained in Table III. On the basis of univariate analyses, fac-
tors associated with major complications after AAR
included cholecystectomy/nephrectomy or renal artery
reconstruction concurrent with AAR and the comorbidi-
ties of hypertension, significant cardiac disease, pulmonary
disease, and renal disease (Table IV).
A multivariate logistic regression model for the out-
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come of a major complication, including death, was con-
structed, including age as the major exposure variable and
the six possible covariates identified by means of univariate
analyses. The final model indicated a mild association
between age and a major complication, including death (for
each increase in age of 10 years: OR, 1.23; 95% CI, 1.00-
1.52; P = .052; Table V). Other significant comorbidities
that remained in the final model included cardiac disease
(OR, 2.84; 95% CI, 1.18-6.86; P = .020), pulmonary dis-
ease (OR, 1.96; 95% CI, 1.35-2.84; P = .0004), and renal
disease (OR, 2.57; 95% CI, 1.66-3.99; P = .0001).
In a second regression model, increasing age was asso-
ciated with a moderate increase in the rate of death (for each
increase in age of 10 years: OR, 2.74; 95% CI, 1.22-6.16;
P = .015). Severe cardiac disease remained as the only sig-
nificant comorbidity associated with death after elective
AAR (OR, 14.67; 95% CI, 3.46-62.16; P = .0003).
Among the 856 patients, 49 patients (5.7%) were aged
80 years or older (Tables II and III). Major postoperative
complications, including death, occurred in 11 of these
patients (22.5%), and one patient (2.0%) died (Table III).
The rate of significant cardiac, pulmonary, or renal disease
was not statistically different among patients 80 years or
older, compared with younger patients (Table VI).
DISCUSSION
Aneurysmal and occlusive disease of the abdominal
aorta are significant problems for many older patients, and
as the population of the United States ages, the prevalence
of these diseases will likely increase. Data from the US
Bureau of the Census indicate that 75 million people were
born in the United States from 1946 to 1964.3 In 1990,
12.5% of the population, 31,079,000 people, were at least
aged 65 years, including 10 million persons aged 75 to 84
years and more than 3 million aged 85 years and older. On
the basis of conservative estimates for birth, death, and
immigration rates, by the year 2030, 20.1% of the US
population (70,175,000 people) will be at least aged 65
years, including more than 23 million people aged 75 to
84 years and almost 9 million people aged 85 years and
older.3 As the number of older individuals in the popula-
tion continues to increase, physicians are faced with the
Table II. Number and frequency of covariates in patients undergoing elective abdominal aortic reconstruction
Number (%)† Age < 60 y, Age 60-69 y, Age 70-79 y, Age ≥ 80 y, 
Independent variables* (n = 856) number (%)† number (%)† number (%)† number (%)†
Sex
Men 649 (75.8) 112 (68.3) 254 (74.0) 244 (81.3) 39 (79.6)
Women 207 (24.2) 52 (31.7) 89 (26.0) 56 (18.7) 10 (20.4)
Aortic graft type
Tube 270 (31.5) 37 (22.6) 110 (32.1) 101 (33.7) 22 (44.9)
Aortobiiliac 390 (45.6) 66 (40.2) 154 (44.9) 148 (49.3) 22 (44.9)
Aortobifemoral 196 (22.9) 61 (37.2) 79 (23.0) 51 (17.0) 5 (10.2)
Renal artery reconstruction 138 (16.1) 28 (17.1) 68 (19.8) 40 (13.3) 2 (4.1)
Mesenteric reconstruction 27 (3.2) 5 (3.1) 11 (3.2) 9 (3.0) 2 (4.1)
Embolectomy/thrombectomy 8 (0.9) 4 (2.4) 2 (0.6) 2 (0.7) 0 (0.0)
Cholecystectomy/nephrectomy 39 (4.6) 5 (3.1) 23 (6.7) 10 (3.3) 1 (2.0)
Cardiac disease
None 259 (30.3) 63 (38.4) 108 (31.5) 72 (24.0) 16 (32.6)
Mild 177 (20.7) 33 (20.1) 58 (16.9) 72 (24.0) 14 (28.6)
Moderate 397 (46.4) 65 (39.6) 167 (48.7) 149 (49.7) 16 (32.6)
Severe 23 (2.7) 3 (1.8) 10 (2.9) 7 (2.3) 3 (6.1)
Diabetes mellitus 106 (12.4) 22 (13.4) 50 (14.6) 31 (10.3) 3 (6.1)
Hypertension 470 (54.9) 90 (54.9) 195 (56.9) 158 (52.7) 27 (55.1)
Hyperlipidemia 182 (21.3) 40 (24.4) 73 (21.3) 62 (20.7) 7 (14.3)
Other disease
None 840 (98.1) 159 (97.0) 336 (98.0) 296 (98.7) 49 (100)
Mild 4 (0.5) 0 (0.0) 2 (0.6) 2 (0.7) 0 (0.0)
Moderate 7 (0.8) 3 (1.8) 3 (0.9) 1 (0.3) 0 (0.0)
Severe 5 (0.6) 2 (1.2) 2 (0.6) 1 (0.3) 0 (0.0)
Pulmonary disease
None 288 (33.6) 53 (32.3) 106 (30.9) 108 (36.0) 21 (42.9)
Mild 291 (34.0) 66 (40.2) 115 (33.5) 95 (31.7) 15 (30.6_
Moderate 252 (29.4) 42 (25.6) 110 (32.1) 90 (30.0) 10 (20.4)
Severe 25 (2.9) 3 (1.8) 12 (3.5) 7 (2.3) 3 (6.1)
Renal disease
None 621 (72.6) 129 (78.7) 234 (68.2) 227 (75.7) 31 (63.3)
Mild 105 (12.3) 10 (6.1) 53 (15.5) 35 (11.7) 7 (14.3)
Moderate 117 (13.7) 23 (14.0) 47 (13.7) 36 (12.0) 11 (22.5)
Severe 13 (1.5) 2 (1.2) 9 (2.6) 2 (0.7) 0 (0.0)
Smoking 735 (85.9) 152 (92.7) 308 (89.8) 245 (81.7) 30 (61.2)
*See “Methods” section of text for definition of variables.
†Percent of patients in age group.
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need to accumulate information to improve the ability to
care for the health of geriatric patients.
Because it has been demonstrated that a portion of
patients with an untreated abdominal aortic aneurysm will
die of rupture of the vessel,4,5 the decision to operate elec-
tively will, in part, be based on the perioperative risk. Our
series provides data on the rates of major complications
and in-hospital mortality after elective AAR and estimates
of risk associated with increasing age and cardiac, pul-
monary, and renal disease. We have demonstrated that,
although there is a small increase in risk of complications
with increasing age, greater risks are associated with sig-
nificant cardiac, pulmonary, and renal disease.
Several studies have addressed age as a risk factor for
both in-hospital and long-term postoperative morbidity
and mortality after AAR. Plecha et al6 used data from a
registry of the Cleveland Vascular Society to assess out-
come after AAR. The operative mortality rate in 1564
patients younger than 75 years who were undergoing AAR
Table IV. Factors associated with major surgical complications* after elective abdominal aortic reconstruction based
on univariate analyses
Independent variables† No. of patients Percent with complications Relative risk‡ (95% CI§) P value 
Renal artery reconstruction 138 22.5 1.39 (0.97-1.99) .072
No renal artery reconstruction 718 16.2 1.00
Cholecystectomy/nephrectomy 39 28.2 1.69 (0.97-2.95) .062
No cholecystectomy/nephrectomy 817 16.7 1.00
Severe cardiac disease 23 43.5 2.64 (1.51-4.64) .001
None/mild/moderate cardiac disease 833 16.5 1.00
Hypertension 386 19.2 1.30 (0.96-1.75) .091
No hypertension 470 14.7 1.00
Moderate/severe pulmonary disease 277 23.8 1.70 (1.27-2.28) .001
None/mild pulmonary disease 579 14.0 1.00
Moderate/severe renal disease 130 30.8 2.09 (1.51-2.89) .001
None/mild renal disease 726 14.7 1.00
*Any major complication including death. There were 147 patients with complications and 709 without complications.
†See “Methods” section of text for definition of variables; variables for which the OR is P < .10 were evaluated as possible covariates in the regression model.
‡Crude relative risk (risk ratio) for association of risk factor with outcome of major complication.
§95% confidence limits.
P value, α/2 (2-sided). 
Table III. Complications by age group
Age group (y) No. (%)* Major complications including death (%)† Death (%)†
< 60 164 (19.2) 23 (14.0) 0 (0.0)
60-69 343 (40.1) 54 (15.7) 2 (0.6)
70-79 300 (35.1) 59 (19.7) 8 (2.7)
≥ 80 49 (5.7) 11 (22.5) 1 (2.0)
Total 856 147 (17.2) 11 (1.3)
*Percentage of total population.
†Percentage of patients in the age group.
Table V. Multivariate logistic regression model* for
outcome of complication after elective abdominal aortic
reconstruction
Variable† OR‡ (95% CI) P value
Age (per 10 y) 1.23 (1.00-1.52) .0519
Cardiac disease 2.84 (1.18-6.86) .0201
Pulmonary disease 1.96 (1.35-2.84) .0004
Renal disease 2.57 (1.66-3.99) .0001
*For this multivariate model, –2 log likelihood = 40.445 (df = 4, P =
.0001); Hosmer-Lemeshow goodness-of-fit statistic, 3.073 with 8 df, P
value = 0.9297.
c-statistic = 0.65.
†See “Methods” section of text for definitions of variables.
‡OR for association of independent variable with outcome of major com-
plication, including death, after abdominal aortic artery reconstruction.
Table VI. Comparison of the rate of comorbidities by
age in patients undergoing elective abdominal aortic
artery reconstruction
No. (%) of No. (%) of 
patients ≥ 80 y patients < 80 y 
with risk factor with risk factor 
Risk factors* (n = 49) (n = 807) P value
Cardiac disease 3 (6.1) 20 (2.5) .12
Pulmonary disease 13 (26.5) 264 (32.7) .37
Renal disease 11 (22.5) 119 (14.8) .15
*See “Methods” section of text for definitions.
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for asymptomatic aneurysm was 5.6%, compared with a
mortality rate of 11.3% in 351 patients who were aged 75
to 94 years (P < .002). Diehl7 reported a series of 557
patients who had graft replacement of the abdominal aorta
from 1974 to 1987 and noted that an age older than 60
years was significantly related to an increased postopera-
tive mortality rate (8.1% vs 1.0%, P < .01). In another
study, Crawford8 reported on 920 patients undergoing
AAR from 1955 to 1980. Operative mortality rates
increased with the age of the patient (4.6%, 5.4%, and 12%
in patients aged 60-69 years, 70-79 years, and 80-89
years, respectively). Neither Diehl7 nor Crawford8 investi-
gated the effect of confounding by other risk factors on
the association between age and postoperative mortality
rate. In a retrospective study comparing 77 patients who
were 80 years and older with 622 younger patients under-
going elective AAR, Paty et al9 noted no difference in
operative mortality rates (3% vs 2%). In that series, all
patients undergoing elective AAR were examined preoper-
atively by a cardiologist, and significant CAD was treated
by means of CABG or coronary angioplasty. On the basis
of these data, the investigators recommended that patient
age should not be a consideration for performing AAR.
Several studies have assessed the risk associated with
surgical repair of abdominal aortic aneurysms in patients
older than 80 years10-16 (Table VII). In these reports, data
are only provided for patients 80 years or older, outcomes
are not compared with those in younger patients, and the
effect of comorbidities is not assessed. Our results in the
49 patients who were 80 years or older (in-hospital mor-
tality, 2%; major complications, 23%; Table III) compare
favorably with those in previous series (Table VI), which
include both in-hospital and 30-day mortality data.
Three multicenter studies have assessed age as a risk
factor in patients undergoing elective AAR. Amundsen et
al17 reported on 279 patients from the Norwegian
Abdominal Aorta Aneurysm Trial who underwent elective
AAR. The overall in-hospital mortality rate was 7.5%, and
the 30-day mortality rate was 5.9%. The OR (95% CI) for
the association of age and hospital mortality by univariate
analysis was to be 2.8 (1.0-7.5), but the investigators did
not specify the cutoff point for their analysis of age.
Johnston18,19 reported on complications after surgery for
nonruptured abdominal aortic aneurysms in 666 patients
included in the prospective multicenter Canadian
Aneurysm Study. The overall mortality rate was 4.8%, with
more than half the deaths related to cardiac causes.
Multivariate logistic regression analysis was used as a
means of demonstrating that increased age was associated
with a greater risk of postoperative mortality (age < 60
years, 0.0%; 60-80 years, 5.0%; > 80 years, 9.3%).18
Kazmers et al20 reported on 3687 patients undergoing
abdominal aortic aneurysm repair in Veterans Affairs med-
ical centers from 1991 through 1993. The postoperative
mortality rate was 4.9% (166 of 3419) after repair of non-
ruptured aneurysms. Increased mortality rates were
demonstrated by means of a logistic regression model to
be associated with several factors, including increased age
(OR, 1.1), although the details were not provided on the
units for age. Because these data were collected from
Veterans Affairs Medical Centers, 99.6% of the patients
were men, and, therefore, the results may not be general-
izable to women.
In addition to the studies noted, which were specific
for patients undergoing AAR, Pedersen et al21 studied
7306 consecutive general surgery patients to assess risk
factors associated with postoperative cardiovascular and
pulmonary complications. The authors used logistic
regression as a means of determining that cardiovascular
complications were significantly associated with a patient
age of 70 years or older, a history of ischemic heart dis-
ease, or chronic heart failure. Pulmonary complications
also were correlated with an age of 70 years or older, a his-
tory of chronic obstructive pulmonary disease (COPD),
major surgery, and use of general anesthesia. Although the
data came from patients undergoing many types of minor
or major surgical procedures, vascular surgery was not
included. Therefore, it is not known whether this infor-
mation is applicable to patients undergoing AAR, but it is
relevant to understanding the general risk for periopera-
tive complications associated with anesthesia and surgery.
Other risk factors associated with in-hospital and long-
term morbidity and mortality after AAR have been identi-
fied. Many studies have focused on preoperative CAD and
other cardiac diseases as significant risk factors. In one of
the earliest reported large series of patients having AAR,
Crawford et al8 demonstrated that, in addition to age, the
presence of cardiac disease and hypertension were associ-
Table VII. Data from studies of patients older than 80 years undergoing elective abdominal aortic aneurysm resection
Study Dates of surgery Mortality (%) Complications (%)
Harris et al10 1974 to 1983 1/34 (3)* 10/34 (29)
O’Donnell et al11 1962 to 1975 1/44 (2)† 23/44 (52)
O’Hara et al12 1984 to 1993 9/94 (10)† –
Falk et al13 1986 to 1993 0/9 (0)* 2/9 (22)
Glock et al14 1972 to 1987 2/29 (7)* –
Treiman et al15 1963 to 1981 3/35 (9)* 19/35 (54)
Chalmers et al16 1985 to 1990 0/10 (0)* –
*In-hospital mortality.
†30-day mortality.
ated with decreased long-term survival after hospital dis-
charge. Johnston and Scobie18 also noted an increased
perioperative mortality rate (6.2% vs 0.8%, P < .001) in
patients with CAD or its sequelae. Hertzer’s22 data from
the Cleveland Clinic showed an association between peri-
operative mortality and CAD and hypertension. Roger et
al,23 using Mayo Clinic and Olmsted County data, showed
that long-term survival after AAR was diminished in
patients with CAD (relative risk, 1.79; 95% CI, 1.06-3.00)
and with increasing patient age (relative risk for 1 year
increase, 1.04; 95% CI, 1.00-1.07). In a multicenter
Norwegian study, angina pectoris, a classic symptom of
significant CAD, was associated with an increase in peri-
operative mortality (OR, 3.2; 95% CI, 1.3-8.4).17
Therefore, multiple reports have confirmed that CAD is
more common in patients with peripheral arterial occlu-
sive disease and is associated with an increase in postoper-
ative in-hospital and long-term mortality rates.
Severe cardiac disease in our patients was associated
with an increased risk for major complications (OR, 2.84;
95% CI, 1.18-6.86) or in-hospital death (OR, 14.67; 95%
CI, 3.46-62.16). These findings are similar to those previ-
ously reported and indicate that preexisting cardiac disease
is one of the factors associated with the greatest risk for
postoperative complications in patients undergoing elec-
tive AAR. Cardiac disease was a significant risk factor,
although patients in our series had preoperative cardiac
evaluation, risk stratification, and indicated treatment
(medical, percutaneous transluminal coronary angioplasty,
or CABG).
Our data are consistent with that of other authors who
have demonstrated an association between postoperative
morbidity after AAR and significant renal disease (OR,
2.57; 95% CI, 1.66-3.99). Diehl’s7 report from the
Cleveland Clinic noted that serum creatinine levels greater
than 2.0 mg/dL (a measure of moderate renal functional
impairment) and concurrent renal artery revascularization
at the time of AAR increased the risk of postoperative mor-
tality. Likewise, the Norwegian multicenter study demon-
strated an increase in postoperative mortality rate (OR, 5.8;
95% CI, 17-20.0) associated with impaired renal function,
defined as serum creatinine levels greater than 140
mmol/L.17 In a prospective study of 100 consecutive
patients undergoing elective AAR, 31 patients had postop-
erative complications, including three who died.24 Four
factors associated with complications were identified by
means of logistic regression analyses: renal artery occlusive
disease, volume of intraoperative blood replacement, pre-
operative APACHE II score, and a history of heavy smok-
ing. The most common complications were deterioration
in renal function and a need for prolonged endotracheal
intubation. Other investigators have noted that diabetes
mellitus25,26 and cerebrovascular disease18 were significant
risk factors in patients undergoing AAR.
Pulmonary disease in our patients was associated with
an increased risk of major complications (OR, 1.96; 95%
CI, 1.35-2.84). In another series of patients undergoing
elective AAR via a midline incision, there were major pul-
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monary complications in 16% of patients.27 Postoperative
respiratory complications were associated with the
American Society of Anesthesiologists physical status clas-
sification IV, age older than 70 years, body weight greater
than 150% of ideal, forced vital capacity of 80% or less of
predicted, forced expiratory flow rate of 60% or less of pre-
dicted, crystalloid replacement greater than 6 L, and total
operative time greater than 5 hours. COPD was noted to
be a risk factor for perioperative mortality and morbidity
after AAR in reports from one multicenter series.18,19
Pedersen et al21 reported that COPD was associated with
an increased risk for postoperative pulmonary complica-
tions after other forms of minor or major surgery.
Our findings indicate that smoking was not signifi-
cantly associated with major complications unless it pro-
duced moderate or severe lung disease. Likewise,
hypertension and diabetes mellitus were not independent
risk factors unless these diseases had resulted in clinically
significant end organ damage. Concurrent surgical proce-
dures, such as cholecystectomy, nephrectomy, or repair of
renal artery stenosis, were not associated with an increased
risk of complications in the final multivariate models.
There are several strengths in this data set and its
analyses. The large number of patients undergoing AAR
permitted many of the biologically significant variables to
be assessed with the logistic regression model. The data
represented 10 years’ experience of the vascular surgeons
practicing at Emory University Hospital and were col-
lected at the time of patient discharge by a physician assis-
tant who has worked with the vascular surgery service for
this entire period. This consistency of data collection
ensured that patient variables were categorized in the same
manner throughout the study.
Several weaknesses of this study must be considered.
The data are derived from patients who consented to AAR
and were selected by the vascular surgeons to undergo
AAR. Undoubtedly, there were patients who had abdom-
inal aortic disease and received medical attention, but who
were considered by the referring surgeon or other physi-
cian consultants to be too ill or unsuitable candidates for
surgery. Therefore, the study population includes a group
of patients considered to be acceptable risks for surgery in
the judgment of the surgeon and may not be representa-
tive of the total population of patients with abdominal
aortic disease.
Although computer-coding errors that became evi-
dent during analysis of the data set were corrected after
reviewing the patient’s original hospital record to obtain
the pertinent information, there was no attempt to verify
consistency of coding or accuracy of all data in the origi-
nal database. Inaccuracies in the transcription of data from
the patient’s record or from computer entry errors may
have resulted in incorrect data. The hospital record of all
patients categorized as having a complication were
reviewed to ensure accuracy of the classification and type
of complication.
Because there were few deaths in our study, only two
covariates could be entered into the second logistic regres-
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sion model. The small number of deaths also led to larger
standard errors and wider confidence limits in the model
used as a means of assessing the association between age
and mortality rate.
In-hospital mortality is reported in our study because
information on the outcome after hospital discharge was
not contained in the database. Previous publications on
patients undergoing AAR have reported a variety of mor-
tality data, including in-hospital mortality, 30-day mortal-
ity, and 10-year survival rates. Therefore, our use of
in-hospital morbidity and mortality rates after AAR is con-
sistent with other published studies.
In summary, there is a small increase in risk of major
complications after elective AAR associated with increasing
age. Although this should be considered in patient selec-
tion for elective AAR, it should not be the sole basis of
exclusion for otherwise suitable candidates for surgery.
Other factors, such as clinically significant cardiac, renal, or
pulmonary disease, have a greater effect on the risk of post-
operative complications, and the presence of these condi-
tions should have a greater impact on patient selection.
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